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ABSTRACT

Updated clinical guidelines and professional practice standards for pediatric post-anesthesia care
call for the use of capnography until the patient is awake. The purpose of this project was to
champion the implementation of capnography in the pediatric post-anesthesia care unit at the
project site. Monitoring capnography in addition to pulse oximetry for all pediatric postanesthesia patients until awake was the practice change implemented. Capnography led to an
increase in the number of appropriate respiratory-related nursing care interventions provided,
earlier response to changes in respiratory status, and a decrease in the pediatric post-anesthesia
care unit length of stay. The implications for practice include increasing the efficiency and
effectiveness of nursing care as well as increasing the affordability of healthcare in the pediatric
post-anesthesia care unit.
Keywords: capnography, pediatric, post anesthesia, PACU.
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SECTION ONE: SIGNIFICANCE OF CAPNOGRAPHY IN PEDIATRIC POSTANESTHESIA CARE
Patient safety and promoting positive patient outcomes are priorities in healthcare for all
patient populations. Pediatric anesthesia patients have unique risks, which require specialized
care delivery. Kurth et al. (2014) reported the incidence of serious adverse events (SAEs) for
pediatric patients in the post-anesthesia care unit (PACU) was 48 per 1000, and most were
respiratory-related SAEs. Interestingly, the incidence was lower in the operating room (OR) at
31 per 1000 (Kurth et al., 2014). According to the American Society of Anesthesiologists
(2015), capnography is a basic standard during the administration of anesthesia; however, nurses
in pediatric PACU do not routinely monitor capnography. The purpose of this evidence-based
practice (EBP) project was to champion the implementation of capnography in pediatric PACU,
evaluate the impact on pediatric PACU nurses’ recognition of respiratory depression compared
to pulse oximetry and measure the effect on the number of respiratory-related SAEs in pediatric
PACU.
Background
Pediatric patients admitted to the pediatric PACU at the project site are routinely
monitored with continuous electrocardiogram (EKG) and pulse oximetry. A temperature is
taken at PACU admission and discharge. Blood pressure and respiratory rate are taken and
documented every 15 minutes until the patient is discharged. The pediatric PACU nurse’s
priorities are airway management, hemodynamic maintenance, pain control, and recognition of
procedure-related complications. Recognition and management of respiratory depression is the
primary nursing priority in pediatric PACU.
Langhan, Li, and Lichtor (2016) found 44% of SAEs occurring in pediatric PACU
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patients were related to respiratory depression. Observation, counting respiratory rate, and
continuous pulse oximetry are the assessments used to monitor for respiratory depression by the
pediatric PACU nurses at the project site. Given the nurse’s multiple responsibilities, continuous
pulse oximetry is the primary measure that prompts response to respiratory depression.
Adequate respiration depends on ventilation and oxygenation. Pulse oximetry measures
oxygenation, but it does not measure ventilation. Oxygen desaturation in an apneic pediatric
patient may take at least one minute and may be prolonged up to four minutes if the patient is on
supplemental oxygen (Langhan et al., 2016). Capnography measures end tidal carbon dioxide
(EtCO2) production or ventilation, and research evidence repeatedly found and conveyed that
respiratory compromise was detected sooner with capnography (Coates, Chaize, Goodman, &
Rozenfeld, 2014; Conway, Douglas, & Sutherland, 2016; Cote & Wilson, 2016; Iyer, Koziel, &
Langhan, 2015; Langhan, Kurtz, Schaeffer, Asnes, & Riera, 2014; Langhan et al., 2016;
Langhan, Li, & Lichtor, 2017; Saunders, Struys, Pollock, Mestek, & Lightdale, 2017).
A discussion with nursing leadership at the project site revealed they were unaware
updated clinical guidelines and practice standards recommended monitoring capnography in
addition to pulse oximetry for pediatric PACU patients until awake. Also, nursing leadership
communicated that capnography modules were purchased in 2017 for each room in pediatric
PACU at the project site, but the modules had not been installed. According to nursing
leadership, turnover in the unit educator position hindered implementation of this new patient
care technology. New information regarding clinical guidelines and practice standard updates
along with the occurrence of three pediatric cardiopulmonary arrests precipitated by respiratory
failure in the pediatric PACU in 2018 increased nursing leadership’s urgency to implement
capnography. Current evidence and practice standard updates indicated capnography in the

PEDIATRIC CAPNOGRAPHY

13

pediatric PACU was needed to ensure patient safety and promote positive patient outcomes.
This EBP project championed the implementation of capnography in the pediatric PACU.
Problem Statement
A review of evidence-based guidelines and practice standards revealed that capnography
in pediatric PACU should be monitored in addition to pulse oximetry as an additional standard of
care (American Society of Anesthesiologists, 2014; 2018; American Society of PeriAnesthesia
Nurses, 2016). The problem was leaders of the pediatric PACU at the project site were unaware
of the new evidence related to capnography. The organization spent $115,000 in 2017 to equip
each room in the pediatric PACU with capnography modules but lacked awareness of updated
evidence, and turnover in the unit educator position hindered implementation of capnography.
Three cardiopulmonary arrests precipitated by respiratory failure occurred in the pediatric PACU
in 2018. Monitoring capnography could have potentially prevented these arrests.
Purpose of the Project
The purpose of this EBP project was to champion implementation of capnography in
pediatric PACU at the project site. Pediatric PACU nurses were educated on the principles of
capnography. They were taught how to initiate capnography monitoring. Accuracy of
capnography measurement and interpretation was verified for each nurse. Lastly, the impact of
capnography on pediatric PACU nurses’ recognition of respiratory depression compared to pulse
oximetry and the effect on the number of respiratory-related SAEs was measured.
Clinical Question
For PACU nurses who monitor respiratory status for pediatric patients, does capnography
compared to pulse oximetry result in earlier recognition of respiratory depression and fewer
respiratory-related SAEs?
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SECTION TWO: LITERATURE REVIEW
When a trigger is recognized and the clinical question is formed, conducting a literature
review follows to determine if sufficient evidence for translation exists to develop a practical
intervention (Melnyk & Fineout-Overholt, 2015). This section will present the search strategy
and literature review conducted for this scholarly project. An appraisal and synthesis of nursing
research containing the strongest and most relevant evidence was completed. The conceptual
model that guided application of this evidence to practice will be described followed by a
summary of how the research informed an applicable evidence-based intervention to address the
clinical question.
Search Strategy
A Boolean search using the keywords pedi* and capnography OR end tidal OR EtCO2
was conducted. An EBSCO search for peer-reviewed literature published in English between
January 2014 and February 2019 using these search words was conducted using the following
databases: CINAHL, MEDLINE, and Health Source: Nursing/Academic Edition. This search
produced 199 results, and 156 remained after exact duplicates were identified and removed. A
manual review of article titles and available abstracts led to the selection of 22 articles. Studies
using capnography to test other variables or studies comparing different types of capnography
for equipment performance were excluded. Quality improvement, EBP, and editorial articles
were also excluded. As a result, five articles, including one clinical guideline and four research
studies, were included.
Additionally, a search of PubMed for peer-reviewed literature published between January
2014 and February 2019 using pediatric and capnography as keywords yielded 96 articles. After
scanning article titles and available abstracts, the project leader identified four additional articles.
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After reviewing full-text, the project leader determined one article was not research; therefore,
three articles from this search were included. A search of the Cochrane Library and the Joanna
Briggs institute did not yield additional articles. A focused Internet search for professional
practice guidelines and standards published by the American Society of Anesthesiologists (ASA)
and the American Society of PeriAnesthesia Nurses (ASPAN) was conducted, and three relevant
resources published after January 2014 were identified. One clinical practice guideline and one
practice standard published by the ASA were included, and one practice standard published by
ASPAN was included.
Critical Appraisal
Evidence examined included two clinical guidelines, two systematic reviews of
randomized controlled trials (RCT), one single RCT, four non-experimental studies, and two
professional practice standards. The articles are grouped and appraised from highest to lowest
level of evidence consistent with Melnyk and Fineout-Overholt’s (2015) descriptions
categorizing evidence. A table of evidence arranged from highest level of evidence to lowest
appraising the articles individually was compiled (see Appendix A for evidence table). Lastly, a
collective appraisal of evidence will be provided in this section.
Two clinical guidelines representing Level 1 evidence were included and appraised. One
clinical guideline was developed as a collaborative effort between the American Academy of
Pediatrics and the American Academy of Pediatric Dentistry to provide a uniform, evidencebased standard of care for pediatric patients being sedated in any setting (Cote & Wilson, 2016).
This guideline expires every five years, and this guideline update emphasized the necessity of
capnography post sedation until the pediatric patient awakens (Cote & Wilson, 2016).
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The second clinical guideline represented a multidisciplinary collaborative effort between
six professional medical associations and defined parameters for sedation of adults and children
in any setting (American Society of Anesthesiologists, 2018). This guideline was an update to a
previous guideline, and the addition of capnography with recording every five minutes until the
patient awakens was one of the seven new recommendations (American Society of
Anesthesiologists, 2018). The clinical guidelines do not contradict; however, the process used to
develop the clinical guideline published by the ASA was more transparent and defined compared
to the other.
Two systematic reviews of RCTs representing Level 1 evidence were included and
appraised. Each study evaluated the evidence of capnography’s use after sedation to prevent
hypoxemia and reduce SAEs (Conway et al., 2016; Saunders et al., 2017). The studies reviewed
by Saunders et al. (2017) included all studies reviewed by Conway et al. (2016); however, the
systematic review conducted by Saunders et al. included seven more RCTs. The systematic
review conducted by Conway et al. was neither as thorough nor as detailed as the review
conducted by Saunders et al. Conway et al. found capnography reduced hypoxemia but was
unable to link capnography to better outcomes. Saunders et al. found capnography reduced mild
desaturation by 30% and severe desaturation by 40%, and they concluded that capnography
monitoring until the patient awakens reduced SAEs by 50%.
One RCT representing Level 2 evidence was included and appraised. This capnography
study was conducted in a pediatric PACU and evaluated the sensitivity of capnography
compared to pulse oximetry to detect respiratory depression (Langhan et al., 2017).
Capnography detected apnea in 29% of the sample; however, this respiratory status change was
not captured by pulse oximetry (Langhan et al., 2017). Capnography has reportedly reduced the
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occurrence of SAEs in the OR by 50%, and nearly one-third of the study sample in pediatric
PACU had a decrease in respiratory status that was not detected with pulse oximetry (Langhan et
al., 2017). Capnography in pediatric PACU demonstrated greater sensitivity to changes in
respiratory status than pulse oximetry, and capnography was recommended to improve patient
safety and decrease SAEs (Langhan et al., 2017). One weakness in Langhan et al.’s (2017) study
was the average age of the sample was 10 years old, and more data for younger patients would
have been beneficial.
Four non-experimental single studies representing Level 6 evidence were included and
appraised. One descriptive study evaluated the accuracy of sidestream capnography in nonintubated pediatric patients in critical care and found a high correlation between capnography
readings and arterial blood samples (Coates et al., 2014). Sidestream capnography is the type of
capnography available at the project site. Coates et al.’s (2014) small convenience sample
represented a study weakness, but the methodology was transparent and sound. One qualitative
study evaluated barriers to capnography use and found consistent equipment availability,
expectation of use, and ongoing education were facilitators for capnography use (Iyer et al.,
2015). The study sample was small and based on the experiences of those with little practice
with capnography, which is a study weakness; however, the participants in the study were very
similar to those at the project site (Iyer et al., 2015). This evidence was helpful when planning
implementation.
One mixed-methods study identified barriers and facilitators to capnography use in acute
care, and Langhan et al. (2014) found equipment availability, understanding impact, and ongoing
education were key facilitators, which was similar to the study conducted by Iyer et al. (2015).
Lastly, one prospective cross-sectional study described the frequency of hypoventilation and
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apnea detected by capnography in pediatric PACU and found capnography captured
hypoventilation or apnea in 56% of the sample while oxygen desaturation occurred in 19% of the
sample (Langhan et al., 2016). The definition of hypoventilation was based on moderate
sedation parameters; however, the participants had general anesthesia, which may inflate the
percentage deemed to have hypoventilation or apnea (Langhan et al., 2016). Otherwise, this was
an excellent study that further substantiated the ability of capnography to detect respiratory
depression sooner than pulse oximetry.
Two applicable professional practice standards representing Level 7 evidence were
included and appraised. The ASA (2014) published one practice standard for post-anesthesia
care for all patient populations, which emphasized ventilation should be continuously monitored
by an appropriate quantitative method. Capnography was not specifically mentioned. ASPAN
(2016) published a document defining standards, practice recommendations, and interpretative
statements, and practice recommendation two indicated capnography should be monitored in
PACU for all patient populations when it is available. Capnography modules were available for
each room at the project site, but they had not been installed for use, which was inconsistent with
the ASA and ASPAN standards of practice.
Synthesis
Insight gained from the literature review revealed that the problem identified at the
project site has evidence-based support for change in practice. Capnography must be
implemented and sustained in order to align practice at the project site with current clinical
guidelines, best evidence, and professional practice standards. The evidence was clear and
unequivocal that pediatric anesthesia patients are at greater risk for SAEs than adult anesthesia
patients. Capnography in the OR reduced the incidence of SAEs by 50%, and all studies agreed
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capnography monitoring post sedation was more sensitive to changes in respiratory status than
pulse oximetry, leading to quicker and more effective intervention. The literature review
revealed that positive facts and evidence supporting the use of capnography post sedation did not
ensure implementation even when the equipment was readily available. Proactive planning,
expectation of use, support during implementation, and ongoing education, including the impact
on outcomes, are needed to change the culture of capnography use. A synthesis of evidence
concluded that capnography monitoring in the pediatric PACU will enhance patient safety,
promote positive patient outcomes, and align practice with current professional practice
standards and clinical guidelines for pediatric post-anesthesia care.
Conceptual Framework
A conceptual framework developed by the Iowa Model Collaborative (2017) guided this
project, and permission to use this model was obtained (see Appendix B for conceptual model).
This model supports incremental guidance for EBP that begins with trigger recognition and
clinical question formation. The triggering issue for this project was a new awareness that
updated clinical guidelines and practice standards recommended monitoring capnography in
addition to pulse oximetry in pediatric PACU. This information along with the occurrence of
three cardiopulmonary arrests precipitated by respiratory failure in 2018 in pediatric PACU at
the project site and the absence of return on investment for capnography modules purchased in
2017 created urgency for capnography implementation. The clinical question formed for this
project was: For PACU nurses who monitor respiratory status for pediatric patients, does
capnography compared to pulse oximetry result in earlier recognition of respiratory depression
and fewer respiratory-related SAEs?
The next step on the Iowa model is to determine if the issue is an organizational priority.
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The organization paid $115,000 dollars in 2017 for capnography modules; however, they had not
been installed, and capnography had not been implemented. The hospital was not receiving a
return on investment; therefore, capnography implementation in pediatric PACU was an
organizational priority. A strategic nursing priority for the organization is to increase
affordability of care by practicing to the highest clinical standards to improve effectiveness of
care. This project was in alignment with current organizational and strategic nursing priorities.
Team formation is the next step on the Iowa Model. Key stakeholders were identified.
Leadership and pediatric PACU nurses were the primary stakeholders. Pediatric
anesthesiologists, certified registered nurse anesthetists (CRNA), pediatric preoperative nurses
and the child life specialist were also key stakeholders. One member from the pediatric PACU
team, one pediatric anesthesiologist, one CRNA, one pediatric preoperative nurse, and the child
life specialist were enlisted as part of the implementation team.
The next step on the Iowa Model is to conduct a literature search to determine if
sufficient evidence for change exists. The literature search yielded two professional clinical
guidelines, two systematic reviews of RCTs, one RCT, four non-experimental studies, and two
professional practice guidelines. Sufficient, quality evidence existed to support implementation
of capnography in pediatric PACU. At project onset, no quantifiable method was being used to
measure ventilation in pediatric PACU. Evidence demonstrated that capnography was a
quantifiable method of ventilation measurement and more sensitive to changes in respiratory
status than pulse oximetry. Capnography should be monitored post sedation and recorded every
five minutes on pediatric patients until they awaken (American Society of Anesthesiologists,
2018; Cote & Wilson, 2016). Sustaining the use of capnography requires a change in practice
culture and is best supported with advanced planning, expectation of use, support during
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implementation, ongoing education, and awareness of impact on outcomes (Iyer et al., 2015;
Langhan et al., 2016).
The next step in the Iowa Model is to design and pilot the practice change. Literature
emphasized the importance of education to implementation and effective use of capnography.
Interactive education as well as educational materials were developed and made available during
implementation. A capnography resource guide was developed and distributed as part of the
pilot process because resources like this guide and support implementation of practice change
(Melnyk & Fineout-Overholt, 2015). Having support personnel during capnography
implementation was also found to be important; therefore, members of the implementation team
were available during the pilot period. When Institutional Review Board (IRB) approvals were
obtained, project timeline, progress, and next steps were communicated to pediatric PACU
nurses daily during huddle, and impromptu staff needs for communication were met using the
Halo application. Halo was the organization’s approved communication application for secure
calls, photo, and video messaging. Staff was able to contact the project leader through Halo
during the pilot study period.
The next step in the Iowa Model is to examine pre- and post-pilot data to evaluate the
performance of EBP change. When research evidence is translated and implemented into
practice, the outcome may be different than expected or reported in the research studies (Melnyk
& Fineout-Overholt, 2015). Evaluating pilot data helped to determine expression of the
evidence-based change in the unique practice setting. This project evaluated capnography data
to determine if appropriate respiratory-related nursing interventions increased and if pediatric
PACU nurses recognized respiratory depression earlier compared to pulse oximetry.
Additionally, capnography data was examined to determine if a reduction in respiratory-related
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SAEs occurred.
The final step in the Iowa Model is to maintain practice change and disseminate results.
Statistically significant differences existed between the pre- and post-capnography groups.
Efforts will be made to change policy and make capnography a standard measurement of
ventilation in pediatric PACU. The perioperative medical director at the project site requested to
review project data analysis in order to construct new capnography orders that will be added to
the standardized pediatric PACU order set. Additionally, the project will be submitted as a
poster presentation at the facility’s annual research sharing event in October 2019.
Summary
In summary, discovery of updated clinical guidelines and practice standards
recommending that nurses monitor capnography in addition to pulse oximetry in pediatric PACU
was brought to the attention of leadership at the project site. They were unaware and
communicated that capnography modules were purchased for every pediatric PACU room in
2017, but turnover in the unit educator position hindered implementation. A review of current
evidence and professional practice guidelines and standards revealed capnography should be
monitored for all post-anesthesia pediatric patients and recorded every five minutes until the
patient awakens. Capnography improved patient safety and decreased SAEs in the OR;
however, risk for respiratory compromise, to which pediatric patients are especially vulnerable,
persists in PACU. Awareness of this new evidence and the occurrence of three cardiopulmonary
arrests precipitated by respiratory failure in pediatric PACU in 2018 created urgency to act.
Implementation of capnography post sedation for pediatric patients enhances patient safety and
promotes positive outcomes. The purpose of this project was to champion implementation of
capnography in pediatric PACU at the project site to align current practice with updated
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standards of care, promote earlier recognition of respiratory depression and reduce the incidence
of respiratory-related SAEs.
SECTION THREE: METHODOLOGY
Design
This study was an EBP project, and the Iowa Model was the conceptual framework used
to guide this work. In accordance with the Iowa Model Collaborative (2017), a pilot study was
conducted to evaluate the appropriateness of this practice change to become permanent. A nonrandomized quasi-experimental design was used. Patterns of appropriate respiratory-related
nursing interventions and numbers of respiratory-related SAEs were evaluated pre- and postcapnography implementation in the pediatric PACU.
Measurable Outcomes
1. The addition of capnography monitoring will increase the number of appropriate
respiratory-related nursing interventions in pediatric PACU.
2. The addition of capnography monitoring will decrease the number of respiratory-related
SAEs in pediatric PACU.
3. The addition of capnography monitoring will generate an earlier response to respiratory
depression in pediatric PACU.
Setting
The project took place in a healthcare system located in the Southeastern United States.
Specifically, the project was conducted at the system’s largest facility. It is a Level I trauma
center with Magnet designation and a capacity of 1,000+ beds. The organization’s mission is to
be the best and first choice for healthcare. Increasing the affordability of care by practicing to
the highest clinical standards to improve effectiveness of care was a strategic nursing goal for the
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system. The project site within the organization was a pediatric PACU with 15 individual
rooms. Capnography should be monitored in pediatric PACU according to updated clinical
guidelines, practice standards and current research studies. This project aligned current practice
at the project site with the highest clinical standards. Project stakeholders were the pediatric
perioperative leadership team, staff, anesthesiologists, CRNAs, and the child life specialist.
Population
The population from which data was collected was the pediatric perianesthesia nursing
staff. This population consisted of 38 pediatric perioperative nurses, including the unit’s nursing
leadership team who were educated and validated on the use of capnography. This team cared
for approximately 25 patients per day Monday through Friday who received anesthesia for
surgical/interventional treatments or diagnostic testing in the OR or a non-operating-room area
(NORA). The patients for whom these nurses provided care were typically 18 years old or
younger. Patient acuities ranged from critical care to outpatient and included a variety of
subspecialties.
Purposive sampling was used to collect data for the pre- and post-capnography groups.
Seventy-one observations of pediatric PACU nurses providing care in pediatric PACU were
recorded for each group. In total, 142 observations of nursing care in pediatric PACU were
recorded. Pediatric PACU nurses comprised the primary population, and pediatric PACU
patients comprised the secondary population. Observations of pediatric PACU nurses providing
patient care were pace driven by the project leader to ensure accurate and consistent observation.
Consenting nurses chosen for observation were identified and included consistent with the
project leader’s pace and capacity to accurately observe. Just as nurses monitor pulse oximetry
on all patients in the pediatric PACU, capnography was monitored for all patients in the pediatric
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PACU when implemented. The project leader conducted and recorded all observations. Nurses
caring for patients with an atypical baseline oxygenation status, such as those with cardiac
anomalies, those over 18 years old, and patients recovered by a pediatric PACU nurse who did
not complete the capnography training and competency validation were excluded from this
study. Additionally, nurses caring for patients who were awake on arrival to pediatric PACU
and intolerant of nasal cannula placement were excluded.
Ethical Considerations
Research ethics training was completed to ensure human subjects were protected (see
Appendix C for training certificate). A letter of support was obtained from the nurse leader at
the project site (see Appendix D for nurse leader support letter). A letter of support from the
anesthesiologist serving as the pediatric perioperative medical director at the project site was
obtained (see Appendix E for anesthesiologist support letter). IRB approval was obtained from
Liberty University (see Appendix F for university IRB approval) and the project site’s
organization (see Appendix G for project site IRB approval). Immediately following receipt of
IRB approvals, the project leader emailed a recruitment letter to all pediatric PACU nurses at the
project site (see Appendix H for recruitment letter). When the pediatric PACU nurses completed
capnography training and competency validation, they were provided with a consent form (see
Appendix I for consent form).
Participating pediatric PACU nurses were assigned a code, and the master list containing
codes assigned was stored as an Excel spreadsheet in a password protected file (see Appendix J
for master list). Only the project leader knew the password for the file. Only the pediatric
PACU nurse’s code was recorded on the pre- and post-capnography data collection tools. All
paper consents and data collection tools were secured in a locked drawer in the project leader’s
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office, which was accessible only to the project leader. The Human Resources department at the
project site was made aware of this project, and the nurse leader responsible for completing
performance appraisals for all nursing staff at the project site provided a statement affirming that
observations of nursing care documented for this project would not impact performance
appraisals for the nurses observed (see Appendix K for Human Resource and nurse leader
affirmation).
On admission, patients or their legal representatives signed a general treatment consent
form and acknowledged receipt of the organization’s privacy practices to protect personal
healthcare information (see Appendix L for general treatment consent form). Within the privacy
practices, one section informed the patient that the organization may collect data and use their
health information to improve quality and assess effectiveness of new services, which may be
shared for educational purposes (see Appendix M for privacy practices). No identifiable
personal health information was collected, and the intervention was noninvasive as confirmed in
the anesthesiologist’s letter of support. Capnography was monitored in addition to pulse
oximetry, which represented an additional safety measure. No safety risks were associated with
capnography monitoring. Nasal cannulas were routinely used and well tolerated in the pediatric
PACU at the project site. The only difference was that capnography-equipped nasal cannulas
were used instead of standard nasal cannulas.
Data Collection
The project leader observed and recorded all data to ensure consistent interpretation of
nursing interventions and SAEs. With a typical daily case load of 25 patients having recovery
time requirements between 30 and 60 minutes depending on the type of anesthesia received, the
number of cases per day on which data was collected varied. Two weeks were allotted to collect
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71 pre-capnography observations, and two weeks were allotted to collect 71 post-capnography
observations. Baseline data observing the pattern of nursing interventions and the presence of
SAEs for patients monitored with pulse oximetry alone was recorded during the first two-week
period. Capnography was implemented during the second two-week period. After a two-week
implementation and acclimation period, post-capnography data was recorded during the final
two-week period.
Tools
During the two-week baseline data collection period, observations of nursing care were
recorded on a baseline data collection form (see Appendix N for baseline data collection form).
Sample characteristics of patients to whom the observed nurses provided care were recorded and
evaluated to determine if additional statistical analyses could be conducted to further
understanding of capnography compared to pulse oximetry for groups with the same
characteristics. The pediatric PACU nurse’s code, pilot study day, patient’s age, ASA airway
classification, anesthesia start time, anesthesia stop time, and NORA versus OR was recorded.
The type of airway management used during anesthesia was recorded. Per unit policy,
patients managed with a laryngeal mask airway (LMA) or oral endotracheal tube (OETT)
remained in pediatric PACU a minimum of 60 minutes post extubation. Patients managed using
a shared airway technique, which was common for bronchoscopy, remained in pediatric PACU a
minimum of 60 minutes after the procedure stop time because of the increased risk for stridor
related to instrument passage through the vocal cords. Patients managed using mask ventilation
or those who received monitored anesthesia care (MAC) had a lower risk of stridor and were
discharged from the pediatric PACU after 30 minutes if criteria for discharge were met.
Lastly, the time admitted to Phase I recovery, the time discharged from Phase I recovery,
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the time admitted to Phase II recovery, and the time discharged from Phase II recovery were
additional sample characteristics recorded, depending on applicability. Not all patients had
Phase I and Phase II admission and discharge times. Inpatients had Phase I times only.
Outpatients managed with LMA, OETT, or shared airway had Phase I and Phase II times.
Outpatients managed with mask ventilation or those who received MAC had Phase II times only.
The time and type of appropriate respiratory-related nursing intervention was recorded.
Observation of the following interventions was documented: oral airway removal, head position
adjusted, jaw thrust/chin lift, oral airway placed, oxygen increased, oxygen decreased, oxygen
discontinued, verbal stimulation, and tactile stimulation. Additionally, the time and type of
respiratory-related SAE was recorded. Observation of the following SAEs was documented:
pulse oximetry < 92% for Phase I, pulse oximetry < 94% for Phase II, call to anesthesia, required
bagging, bradycardia, intubation, and code. Standing physician orders for the pediatric PACU
required pulse oximetry readings greater than or equal to 92% for Phase I and greater than or
equal to 94% for Phase II. For this reason, these pulse oximetry measures defined parameters for
SAEs.
During the two-week period of post-capnography data collection, observations of nursing
care were recorded on a capnography data collection form (see Appendix O for capnography
data collection form). The same sample characteristic data recorded during the pre-capnography
data collection period were recorded in the post-capnography data collection period. In addition,
the time capnography began and was discontinued was recorded. Observations for and
documentation of the same interventions and SAEs were recorded. Observations for and
documentation of end EtCO2 below 30 mmHg or above 50 mmHg were added to postcapnography data collected for SAEs. Normal EtC02 levels are 35 to 45 mmHg; however,
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standards for SAEs were defined using the same parameters Langhan et al. (2017) used in a
similar study of capnography conducted in pediatric PACU.
Intervention
A step-by-step chronology of the project will be provided. First, a complete project
proposal was submitted to the project chair. The project chair approved, and an application was
completed and submitted to Liberty’s IRB. Upon receiving Liberty IRB approval on April 25,
2019, the project leader completed and submitted an application to the project site’s IRB for
approval. Upon receiving the project site’s IRB approval on May 8, 2019, a meeting was
scheduled to present the project to the project site’s leadership, answer questions, identify an
implementation team and come to an agreement on a six-week period for project completion.
The time period between 5/20/2019 and 6/28/2019 was chosen. After agreement was
reached, the recruitment letter was emailed to all pediatric PACU nurses. Staff was made aware
of the Halo application that could be downloaded for free to their mobile device. Halo was used
by the organization for secure messaging and facilitated communication via phone, photo or
video messaging between staff members and the project leader for questions. The project leader
sent an email introducing the project and the project timeline to the lead pediatric
anesthesiologist and the lead pediatric CRNA to distribute to their teams. The project leader
provided ongoing project communication and updates during leadership’s daily staff huddle
routine.
Capnography modules were stored in a locked office. When agreement for the project
timeframe was reached, maintenance was contacted and a date to install and secure capnography
modules was confirmed. Capnography modules were installed after pre-capnography data was
collected immediately before the implementation period. Additionally, materials management
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was notified to begin stocking capnography-equipped nasal cannulas in the project site’s supply
room. Nasal cannulas were available in two sizes, and 20 of each size were added to the supply
room inventory and replenished daily.
Following distribution of the recruitment letter via email prior to the two-week precapnography data collection period, staff attended capnography education, demonstration,
simulation, and skill assessment sessions. The busiest times in pediatric PACU were between
0900 and 1400, and the probability of using an empty pediatric PACU room for demonstration
and simulation was low. Demonstration, simulation, and skill assessment was conducted from
0600 to 0900 and again at 1400 to 1800. This strategy allowed training to be consistently offered
during the times of day that increased feasibility for nurse attendance.
One unused pediatric PACU room was set up for face-to-face capnography
demonstration and simulation, using a capnography module, waveform, and nasal cannula.
Capnography competency assessment was verified using return demonstration. Nurses who
successfully completed the training and competency assessment were offered the opportunity to
participate in the EBP project, and those interested were provided with a consent form. Nurses
signing the consent form were the nurses observed during the data collection periods. The
project leader took responsibility for the capnography module used and returned the module to
the locked office daily when demonstration and simulation were finished.
The pediatric preoperative area had one dedicated child life specialist. This team member
assisted with education for all pediatric patients in this area. During the two-week precapnography data collection period, the project leader met with the child life specialist to inform
about implementation of capnography. Discussion and agreement was reached regarding
appropriate patient teaching for capnography that was provided by the child life specialist in the
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preoperative area. Additionally, one staff member managed and restocked contents of the carts
in each pediatric PACU room. During the two-week pre-capnography data collection period, the
project leader met with this staff member and ensured that two small and two regular-sized
capnography-equipped nasal cannulas were added to each cart and maintained daily.
After pre-capnography data were recorded for observations of nursing care provided to
71 cases, maintenance installed and secured capnography modules prior to the implementation
phase. Capnography implementation took place during the next two-week period. A
capnography resource guide developed using information compiled from a source included in the
literature review was placed on every mobile documentation station (see Appendix P for
capnography resource guide). Staff was reminded of the option to contact the project leader via
the Halo application to assist with capnography when the project leader was not on site. The
project leader was on site from 0900 to 1400 for the first week during implementation.
After the two-week implementation and acclimation period was complete, postcapnography data were collected during the final two-weeks of the pilot study. Observations of
nursing care provided to 71 cases were conducted, and data were recorded. After pre- and postcapnography observations were recorded, data collection tools were assembled, and data were
entered into an Excel spreadsheet.
Feasibility Analysis
The greatest threat to feasibility of this project was the pediatric patient’s resistance to the
capnography-equipped nasal cannula. Although pediatric patients were resistant to and
intolerant of equipment even when noninvasive, the nurses were key to overcoming this
feasibility concern. The nurses received education prior to implementation and were eager to use
capnography. They appreciated and articulated to patients and parents of patients the benefit of
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capnography to patient safety to mitigate this feasibility threat.
The second threat to feasibility was coordination of capnography module installment.
The capnography equipment was purchased in 2017. The modules were $10,000 each, and the
nurse leader did not want them placed in the rooms until maintenance could provide a strategy to
secure the modules to the monitors. Proactive and face-to-face communication with
maintenance mitigated this feasibility threat. The same strategy used to secure other modules for
this monitor was duplicated for the addition of this new module.
The third threat to feasibility was coordination of the educational intervention for the
nurses. Pediatric PACU nurses at the project site received capnography education in 2018 in
preparation for capnography implementation prior to turnover occurring in the unit educator role.
The information provided for this project was a refresher; however, this was the nurses’ first
hands-on training. Capnography education, training, and skills assessment were purposefully
planned for early morning and late afternoon when the caseloads were low. The project leader
conducted the sessions on site in an unoccupied pediatric PACU room to increase accessibility
for the nurses. The pediatric PACU nurses were receptive and proactively attended the sessions.
Not all pediatric PACU nurses signed consent to be observed during the pilot study, but they
were interested and accepted capnography implementation. The perioperative nursing leadership
team and the pediatric anesthesiologists wanted capnography in the pediatric PACU, which
increased feasibility considerably.
Data Analysis
Three measurable outcomes were identified for this project. Pre- and post-capnography
data collected during the pilot study were compiled into an Excel spreadsheet. Data were
transferred to and analyzed using the Statistical Package for the Social Sciences (SPSS) software

PEDIATRIC CAPNOGRAPHY

33

version 24. Descriptive statistics were used to analyze sample characteristics, appropriate
respiratory-related nursing interventions, and respiratory-related SAEs. Additionally, statistical
analysis was used to evaluate each measurable outcome to determine if a statistically significant
difference existed between the pre- and post-capnography groups. Data were evaluated to
determine if descriptive analysis of the sample characteristics allowed for additional statistical
analyses not initially identified for this project. The data analysis strategy will be explained for
each measurable outcome.
Measurable outcome one. The first measurable outcome measured the impact of adding
capnography on the number of appropriate respiratory-related nursing interventions.
Frequencies for each listed intervention were measured, and the total frequency for all
interventions was measured for each sample statistic in the pre- and post-capnography groups.
Frequencies of appropriate respiratory-related nursing interventions represented scale data, and a
histogram of data was created to determine if data were normally distributed (Marshall &
Boggis, n.d.). Data were found to be skewed; therefore, the Mann-Whitney U test was used for
data analysis (Marshall & Boggis, n.d.). These samples were independent, and this test was
appropriate to compare groups since the post-capnography group was different from the precapnography group (Sullivan, 2018). The alpha was set at 0.05, which estimated a 95%
confidence interval (Sullivan, 2018).
Measurable outcome two. The second measurable outcome measured the impact of
adding capnography on the number of respiratory-related SAEs. Frequencies for each SAE were
measured, and the total frequency for all SAEs was measured for each sample statistic in the preand post-capnography groups. Frequencies of respiratory-related SAEs represented scale data,
and a histogram of data was created to determine if data were normally distributed (Marshall &
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Boggis, n.d.). Data were found to be skewed; therefore, the Mann-Whitney U test was used for
data analysis (Marshall & Boggis, n.d.). These samples were independent, and this test was
appropriate to compare groups since the post-capnography group was different from the precapnography group (Sullivan, 2018). The alpha will be set at 0.05, which estimated a 95%
confidence interval (Sullivan, 2018).
Measurable outcome three. The third measurable outcome measured the impact of
adding capnography on the number of minutes between pediatric PACU admission time and the
time of first appropriate respiratory-related nursing intervention. The number of minutes
between pediatric PACU admission time and the time of the first appropriate respiratory-related
nursing intervention was calculated for each sample statistic in pre- and post-capnography
groups. The number of minutes between pediatric PACU admission time and the time of first
appropriate respiratory-related nursing intervention represented scale data, and a histogram of
data was created to determine if data were normally distributed (Marshall & Boggis, n.d.). Data
were found to be skewed; therefore, the Mann-Whitney U test was used for data analysis
(Marshall & Boggis, n.d.). These samples were independent, and this test was appropriate to
compare groups since the post-capnography group was different from the pre-capnography group
(Sullivan, 2018). The alpha was set at 0.05, which estimated a 95% confidence interval
(Sullivan, 2018).
SECTION FOUR: RESULTS
An EBP pilot study measuring the significance of capnography in the pediatric PACU
was completed. Nineteen nurses signed consent and agreed to participate in the pilot study.
Participants had between five and 38 years of nursing experience. Pre-capnography observations
of nursing care were recorded for 71 cases, and post-capnography observations of nursing care
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were recorded for 71 cases. Nursing care observed was provided to pediatric PACU patients
ranging from seven weeks to 17 years of age who had anesthesia administered in a NORA or an
OR setting. ASA risk levels ranged from I to IV, and the types of airway management used
during anesthesia administration included LMA, OETT, shared airway, general mask or MAC.
Using SPSS version 24, Kolmogorov-Smirnov and Shapiro-Wilk tests were conducted and
histograms were generated to test the assumption of normally distributed data. The level of
significance for each variable was α = 0.05, which indicated the dataset was not normally
distributed. As a result, nonparametric tests were used for statistical analysis. A descriptive
analysis and the results of nonparametric testing for each measurable outcome will be provided.
Descriptive Statistics
Observations of nursing care provided to 142 pediatric PACU patients were collected.
Descriptive statistics using SPSS version 24 for the entire sample were analyzed for the
following variables: total anesthesia time, total PACU time, patient age, total number of
appropriate respiratory-related nursing care interventions, time between PACU admission and
the first appropriate respiratory-related nursing care intervention other than discontinuing
oxygen, and total number of respiratory-related SAEs. Patients receiving care had a mean total
anesthesia time of two hours and five minutes and a mean pediatric PACU time of one hour and
18 minutes. The mean patient age was 7.7 years old. Nurses provided an average of 2.42
appropriate respiratory-related nursing care interventions per patient. The average time between
PACU admission and the first appropriate respiratory-related nursing care intervention other than
discontinuing oxygen was 12.11 minutes. Patients experienced an average of 0.54 respiratoryrelated SAEs.
Measurable outcome one. The first measurable outcome measured the impact of adding
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capnography on the number of appropriate respiratory-related nursing interventions. The precapnography group mean for this variable was 1.79. The post-capnography group mean for this
variable was 3.06. Since the dataset was skewed, means for the total number of appropriate
respiratory-related nursing care interventions and for each appropriate respiratory-related nursing
care intervention from the two independent samples were analyzed using the nonparametric 2tailed Mann-Whitney U test (see Appendix Q Table Q1). With the level of significance set at α
= 0.05, the analysis of means revealed that p < 0.001 for the total number of appropriate
respiratory-related nursing interventions provided to the pre- and post-capnography groups. A
statistically significant difference existed in the number of appropriate respiratory-related nursing
care interventions provided to the pre- and post-capnography groups. An analysis of means for
each appropriate respiratory-related nursing intervention separately revealed p < 0.05 for
repositioning the head, verbal stimulation, tactile stimulation, and the number of minutes
between PACU admission and the first appropriate respiratory-related intervention; therefore,
this represented a statistically significant difference in these appropriate respiratory-related
nursing interventions provided to the pre- and post-capnography groups.
Measurable outcome two. The second measurable outcome measured the impact of
adding capnography on the number of respiratory-related SAEs. The pre-capnography group
mean for this variable was 0.66. The post-capnography group mean for this variable was 0.42.
Because the dataset was skewed, means for the total number of respiratory-related SAEs and
each respiratory-related SAE present in the two independent samples were analyzed using the
nonparametric 2-tailed Mann-Whitney U test (see Appendix Q Table Q2). With the level of
significance set at α = 0.05, the analysis of means revealed that p > 0.05 for total number of
respiratory-related SAEs present in the pre- and post-capnography groups. A statistically
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significant difference did not exist in the number of respiratory-related SAEs present in the preand post-capnography groups. An analysis of means for each respiratory-related SAE separately
revealed p < 0.05 for pulse oximetry readings less than 92% and EtCO2 readings greater than
50mmHg; therefore, a statistically significant difference existed in the presence of these
respiratory-related SAEs in the pre- and post-capnography groups.
Measurable outcome three. The third measurable outcome measured the impact of
adding capnography on the number of minutes between PACU admission time and the time of
the first appropriate respiratory-related nursing intervention other than discontinuing oxygen.
The pre-capnography group mean for this variable was 16.62 minutes. The post-capnography
group mean for this variable was 9.91 minutes. Because the dataset was skewed, means for the
number of minutes between PACU admission and the first appropriate respiratory-related
intervention other than discontinuation of oxygen for the two independent samples were
analyzed using the nonparametric 2-tailed Mann-Whitney U test (see Appendix Q Table Q1).
With the level of significance set at α = 0.05, the analysis of means revealed that p < 0.014 for
the number of minutes between PACU admission and the first appropriate respiratory-related
nursing intervention other than discontinuation of oxygen provided to the pre- and postcapnography groups. A statistically significant difference existed in the number of minutes
between PACU admission and the first appropriate respiratory-related nursing intervention other
than discontinuation of oxygen provided to the pre- and post-capnography groups.
Expanded Analysis
Descriptive statistics were obtained, and an analysis of means for explanatory variables
was conducted using the nonparametric 2-tailed Mann-Whitney U test (see Appendix Q Table
Q3). Patient age, anesthesia risk, total time under anesthesia, and total time in PACU were the
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variables examined. The mean patient age for the pre-capnography group was 80.6 months old
or 6.72 years old compared to the post-capnography group mean patient age of 103.5 months old
or 8.63 years old. An analysis of these means revealed p < 0.18, which indicated a statistically
significant difference existed in the ages of the pre- and post-capnography groups.
The mean anesthesia risk for the pre-capnography group was 2.14 compared to the postcapnography group mean of 2.10. An analysis of these means revealed p > 0.05; therefore, a
statistically significant difference in anesthesia risk level for these groups did not exist. The
mean total time under anesthesia for the pre-capnography group was two hours and four minutes
compared to the post-capnography group mean of two hours and seven minutes. An analysis of
these means revealed p > 0.05; therefore, a statistically significant difference in the total time
under anesthesia for these groups did not exist. The mean total PACU time for the precapnography group was one hour and 26 minutes compared to the post-capnography group mean
of one hour and 10 minutes. An analysis of these means revealed p < 0.02; therefore, a
statistically significant difference existed in the total PACU time for the pre- and postcapnography groups.
SECTION FIVE: DISCUSSION
Data analysis demonstrated that capnography led to a statistically significant increase in
appropriate respiratory-related nursing interventions and a statistically significant decrease in the
amount of time between PACU admission and the first appropriate respiratory-related nursing
intervention other than discontinuation of oxygen. Nursing interventions were provided faster to
the post-capnography group. The post-capnography group experienced a statistically significant
increase in appropriate respiratory-related nursing interventions that included head repositioning,
verbal stimulation, and tactile stimulation. Capnography was not associated with a statistically
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significant decrease in the total number of respiratory-related SAEs; however, capnography was
associated with a statistically significant decrease in hypoxemic events. Studies conducted by
Conway et al. (2016) and Saunders et al. (2017) reported similar findings.
Implications for Practice
The implementation of capnography contributed to the provision of higher quality care
for pediatric PACU patients. This aligns with the organization’s strategic nursing goal to
increase the effectiveness of nursing care. Pediatric PACU nurses recognized changes in
respiratory status earlier and responded sooner when using capnography than when using pulse
oximetry alone, which reduced the prevalence of hypoxemia in the pediatric PACU. It is
possible that the use of new technology contributed to the nurse’s vigilance, which could inject
bias into the project findings. Langhan et al. (2017) considered a similar confounding factor in
their study. A two-week implementation and acclimation period preceded the post-capnography
data collection period to minimize this impact.
Another possible limitation was that one group may have been more vulnerable.
Additional analysis of explanatory variables allowed for an expanded understanding of sample
factors that may have influenced the analysis for the measurable outcomes. A statistically
significant difference existed in the ages of the pre- and post-capnography groups, which was
6.72 years old versus 8.63 years old. This age difference suggested that the pre-capnography
group may have been more vulnerable and prone to poorer outcomes compared to the postcapnography group. Langhan et al. (2017) reported an increase in the age of their study’s
intervention group, which was attributed to intolerance of capnography-equipped nasal cannulas
in younger patients. Comparison of means between the pre- and post-capnography groups for
anesthesia risk level and time under anesthesia did not yield a statistically significant difference.
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The pre-capnography group may have been younger, but the group’s anesthesia risk level and
time spent under anesthesia was not statistically significant. Finding no statistically significant
difference between the pre- and post-capnography groups in anesthesia risk level or time spent
under anesthesia bolstered confidence in the positive outcomes demonstrated by the postcapnography group.
Sustainability
Sustaining the use of capnography requires embedding its use in nursing practice and
demonstrating capnography’s value to the organization. As explained by Iyer et al. (2015) and
Langhan et al. (2014), making nurses aware of positive outcomes associated with the use of
capnography increases sustainability. The statistically significant differences in appropriate
respiratory-related nursing care interventions provided and its impact will be shared with the
nurses at the project site. Additionally, the nurse leader at the project site agreed to provide
capnography updates on a weekly basis during daily huddle in an effort to sustain the use of and
value for capnography in daily nursing practice.
Aligning capnography with an organizational priority is important to sustainability.
Given that a statistically significant decrease did not exist in the total SAEs in the postcapnography group, evidence for the value of capnography was evaluated by comparing the cost
of the capnography-equipped nasal cannulas to the amount saved related to the statistically
significant difference between group means for time spent in pediatric PACU. The
capnography-equipped nasal cannulas costs $9.41 compared to $1.14 for standard nasal
cannulas, which is a difference of $8.27. The cost to apply capnography-equipped nasal
cannulas to the 71 patients in the post-capnography group was $587.17. Analysis of total time
spent in pediatric PACU was important to evaluate the cost to benefit ratio. On average, the
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post-capnography group spent 16 minutes less in pediatric PACU than the pre-capnography
group. The cost for pediatric PACU was $22.25 per minute. For the 71 patients observed in the
post-capnography group, this time difference equals a $25,276 reduction in healthcare costs
associated with a reduced length of pediatric PACU stay. After subtracting the cost for
capnography-equipped nasal cannulas, the total healthcare cost savings during this two-week
post-capnography data collection period was $24,688.83. This cost difference translated to an
annual reduction in healthcare costs of $641,909.58. This cost reduction contributes to
increasing the affordability of care, which is a current strategic nursing goal and organizational
priority. It is in the organization’s interest to sustain the use of capnography.
An important lesson was learned during implementation. Communicating the practice
change to all stakeholders was important for sustainability. Although the CRNAs had no
practice change, a couple were surprising upset with and verbal about being unaware of the
nursing practice change in the pediatric PACU. The PACU nurses were well prepared and were
able to explain the origin of and rationale for the practice change, which diffused the negativity.
Advanced planning and careful consideration of interconnected aspects impacted and influenced
by the new practice change was key to the project’s success. Researching and planning the
intervention required a great deal more time than actual implementation of capnography. The
importance of allowing for advanced planning was another lesson learned.
Dissemination Plan
Results of this pilot study will be disseminated to the project site’s nurse leader at the unit
level first. After sharing the results with the nurse leader, the outcomes will be shared with the
pediatric PACU nurses at the project site via email notification and included in the information
provided at the next scheduled staff meeting. Next, the results will be shared with the
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perioperative medical director. The project leader will collaborate with the unit nurse leader and
the perioperative medical director to formalize and operationalize changes needed in practice
standards, policies, procedures and physician order sets. Dissemination at the organizational
level will be accomplished using a poster presentation. The project site’s organization calls for
abstracts for poster presentations two times each year. An abstract for this project will be
submitted at the organization’s next poster fair scheduled in October 2019. Lastly, a manuscript
will be constructed for this project and submitted to the Journal of PeriAnesthesia Nursing. This
publication is a peer-reviewed journal published by ASPAN, which is a national organization for
perianesthesia nurses. This publication is the primary journal used by nurses in the pediatric
PACU at the project site for journal clubs.
In conclusion, updated clinical guidelines and professional practice standards called for
the use of capnography for pediatric PACU patients until awake. This project championed
implementation of capnography in the pediatric PACU at the project site. Every pediatric PACU
room was capnography equipped and capnography-equipped nasal cannulas were stocked daily
in every bedside cart. Nurses in the pediatric PACU were trained in capnography and
competency was verified. Capnography led to a statistically significant increase in the number
of appropriate respiratory-related nursing interventions and a statistically significant decrease in
the nurse’s response time to changes in respiratory status. Capnography was associated with a
statistically significant decrease in the pediatric PACU length of stay, which translated to a
potential annual reduction in healthcare costs of $641,909.58. Capnography contributed to
increasing the effectiveness of respiratory-related nursing care, which demonstrated a positive
impact on the affordability of healthcare provided in the pediatric PACU. These were positive
indicators for sustainability. Dissemination of results will begin at the unit level, move to the
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organizational level using a poster presentation, and progress to the national level via manuscript
submission to a peer-reviewed journal published by ASPAN. Participation in sharing the EBP
pilot study results is a Doctor of Nursing Practice (DNP) essential, and it is foundational to the
advancement of professional nursing practice.
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Appendix A
Evidence Table

Name: Deborah Renee Whitley
Clinical Question: For PACU nurses who monitor respiratory status for pediatric patients, does capnography compared to pulse
oximetry result in earlier recognition of respiratory depression and fewer respiratory-related adverse events?
Citation

Study
Purpose

Cote, C. J., & Wilson,
S. (2016).
Guidelines for
monitoring and
management of
pediatric patients
before, during, and
after sedation, for
diagnostic and
therapeutic
procedures: Update
2016. Pediatrics,
138(1), e1-e31.
doi:10.1542/peds.2
016-1212

The purpose
was to
review
current
evidence and
update the
previous
clinical
guideline
that expires
automaticall
y every five
years. A
primary
purpose
described in
the
introduction
was to

Sample

The
guidelines
included
synthesis of
evidence
from 496
sources.

Methods

Study
Results

The
guideline
was
developed as
a
collaborative
effort
between the
American
Academy of
Pediatrics
and the
American
Academy of
Pediatric
Dentistry.
There was no
description
of how

With regard
to
capnography
following
sedation of
pediatric
patients, the
guideline
lists
capnography
as a
requirement
following
deep
sedation and
as a
recommenda
tion
following

Level of
Evidence

Clinical
Guideline
Level 1

Study
Limitations

Useful as
Evidence to
Support a
Change?
The search
This
strategy and evidence
critique of
does support
strength of
change. The
evidence
project site is
included was a Level I
missing;
Pediatric
however, the Trauma
guideline
center and
does
takes care of
acknowledge the most
the American acute
Society of
pediatric
Anesthesiolo anesthesia
gists Task
patients in
Force
the region,
clinical
but
guidelines as capnography
an included
is not

PEDIATRIC CAPNOGRAPHY
update and
clarify
monitoring
requirements
, especially
continuous
capnography,
and promote
safe
outcomes for
pediatric
patients
being
sedated in a
variety of
settings by
medical and
dental
providers.

48
evidence
included was
located or
chosen for
inclusion.
The previous
2011
guideline
was a
reaffirmation
of the 2006
guideline,
and it
included 213
articles of
evidence
with the
most current
dated 2006.
This 2016
updated
guideline
contained
496 articles
of evidence
with the
most current
dated 2016.

moderate
sedation.
For patients
receiving
supplemental
oxygen,
capnography
is most
helpful to
detect apnea
and
obstruction
of airway.
The
capnography
value
observed was
reported as
less
important
with using
capnography
to confirm
air exchange
and
ventilation as
the most
important
aspect. The
guideline
stated that
heart rate,
oxygen

resource.
Although the
method for
obtaining
and
including
evidence was
not
specifically
provided, the
credibility
and authority
of those
responsible
for the
guideline is
high. Of
note, there
was
confirmation
that no
conflicts of
interest were
present.

monitored in
the pediatric
PACU.
Most
delivered to
the pediatric
PACU at the
project site
would be
considered as
having been
deeply
sedated by
this
guideline’s
definition;
therefore, all
deeply
sedated
patients
should be on
capnography
in PACU
until awake.
An
additional
finding
included that
heart rate,
pulse
oximetry,
and
capnography

PEDIATRIC CAPNOGRAPHY

49
saturation,
and
capnography
should be
monitored
continuously
following
sedation and
recorded
every five
minutes until
the patient
awakens.

American Society of
Anesthesiologists.
(2018). Practice
guidelines for
moderate
procedural sedation
and analgesia 2018:
A report by the
American Society
of
Anesthesiologists
Task Force on
moderate
procedural sedation

The purpose
of this
guideline is
to clearly
define and
clarify
margins that
establish
moderate
sedation for
adults and
children.
This update
replaced the

The
guidelines
include
synthesis of
evidence
from 187
sources with
most current
dated 2017.

An
interdisciplin
ary team of
13 selected
by the
American
Society of
Anesthesiolo
gists
followed a
seven-step
process to
identify,
include, and

There were
Clinical
seven new
Guideline
recommenda
tions
Level 1
discussed. Of
relevance to
this project,
the second
recommenda
tion listed
was
continually
capnography
for all

There were
no identified
limitations.
This
guideline
detailed a
strict
methodology
and defined
procedures
for evidence
critique,
categorizatio
n and

should be
recorded
every five
minutes until
the patient is
awake. After
awake, the
interval can
be increased
to every 15
minutes.
Currently,
the pediatric
PACU
records every
15 minutes
from
admission to
discharge.
This
evidence
does support
practice
change. All
patients,
including
adults and
children,
should have
capnography
monitoring
and
recording
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and analgesia, the
American
Association of Oral
and Maxillofacial
Surgeons,
American College
of Radiology,
American Dental
Association,
American Society
of Dentist
Anesthesiologists,
and Society of
Interventional
Radiology. (2018).
Anesthesiology:
The Journal of the
American Society of
Anesthesiologists,
Inc., 128(3), 437–
479.
doi:10.1097/ALN.0
000000000002043

previous
guideline
published in
2002. This
update
included a
more
comprehensi
ve
interdisciplin
ary
collaboration
than the
previous
guideline.

Conway, A., Douglas,
C., & Sutherland, J.
R. (2016). A
systematic review
of capnography for
sedation.
Anaesthesia, 71(4),
450-454.
doi:10.1111/anae.1

The purpose
was to
determine if
capnography
decreased
episodes of
hypoxemia
in sedated
patients

50
critique
evidence.
The evidence
included
represented
scientific
studies and
expert
opinion.
Evidence
was
categorized
and strength
was rated.
Only
evidence
appraised as
high level as
included in
the
guideline.

patients
receiving
moderate
sedation.
Capnography
should be
recorded
every five
minutes until
the patient
awakens.

The
researchers
The six
used a
studies
systematic
included
search
represented
approach and
2534 patients included
that were
studies
pediatric and conducted up

The study
found that
capnography
decrease
hypoxemia
during
sedation, but
other
outcomes

n=6

Systematic
Review of
Random
Controlled
Trials
Level 1

inclusion.

every five
minutes until
awake.
Patients
having
moderate
sedation
represent the
least acute
population in
the pediatric
PACU.
Currently,
capnography
is not
monitored in
the pediatric
PACU at the
project site
for patients
being
sedated at
any level.

The numbers
of articles
included was
low, and the
quality of the
studies
included was
low. Also,
the definition

This
evidence
does support
practice
change.
Although the
quality of
this study
could be
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3378

Saunders, R., Struys,
M. M. R. F.,
Pollock, R. F,
Mestek, M., &

51

when
compared to
pulse
oximetry and
if
capnography
had an
impact on
clinician
interventions
.

adult.

The purpose
of the study
was to
evaluate the

n=13
13 Random
Controlled

to 2015.
Two authors
reviewed the
articles and
used the
Cochrane
tool to assess
bias. The
authors did
not detail the
number of
articles
initially
generated by
the search,
and they did
not provide
the key terms
searched.
Ultimately,
six articles
were
included.
Details that
explained
inclusion of
these six
articles are
not given.
A systematic
search of
PubMed, the
Cochrane

were
unchanged,
meaning
clinician
intervention
did not
change. The
researchers
could not
explain how
capnography
decreased
hypoxemia
when
management
by the
clinicians did
not change in
response to
capnography
reading. The
researchers
did
acknowledge
that the
studies
included
were low
quality.
The study
found that
the addition
of

Systematic
Review of
Random
Controlled

of
hypoxemia
was not
consistent
from study to
study.

improved,
the results
are
corroborated
by other
higher
quality
studies.
Capnography
decreases the
occurrence
of
hypoxemia
during
sedation
when
compared to
the standard
use of pulse
oximetry
only.

The largest
limitation is
that the
studies

This
evidence
does support
practice
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Lightdale, J. R.
(2017). Patient
safety during
procedural sedation
using capnography
monitoring: A
systematic review
and meta-analysis.
British Medical
Journal Open, 7(6),
e013404+.
doi:10.1136/bmjope
n-2016-013402

impact
capnography
for sedated
patients has
on adverse
events.

52
Trials were
included.
Outcomes
for adult and
pediatric
patients were
represented.

Library, and
EMBASE
was
conducted
and included
publications
from 1995 to
2017. The
researchers
independentl
y reviewed
articles
meeting
inclusion
criteria.
Afterward,
independent
reviews were
collectively
evaluated
and
agreement
was
established.
The points of
interest to
assess impact
of
capnography
were
saturation
less than
85%, “apnea,

capnography Trials
reduced mild
desaturation Level 1
by thirtypercent and
severe
desaturation
by 40%.
There was no
significant
impact on
the reduction
of
bradycardia
or apnea;
however,
there was
significant
reduction in
the need to
provide
assisted
ventilation
when
capnography
was used.
Overall, the
study
indicated that
the use of
capnography
for sedated
patients

included in
the review
had differing
definitions
for
desaturation,
severe
desaturation,
and apnea.
Another
limitation is
that five of
the 13
studies
included
were deemed
to be of low
quality.

change. This
source did
not focus
exclusively
on pediatrics,
but it did
include
pediatric
data. The
article did
not indicate
that age was
a factor
impacting
outcomes
related to use
of
capnography
; therefore,
this is
relevant and
applicable to
adult and
pediatric
patients.
This article
supports
capnography
as a tool to
assist the
healthcare
team with
earlier
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aspiration,
bradycardia,
hypotension,
premature
procedure
termination,
respiratory
failure, use
of
assisted/bagmask
ventilation
and death”
(p. e013404).
Quality of
the articles
was
determined
using Jadad
scoring
between zero
and eight.
Articles with
score below
5.5 were
deemed low
quality, and
those above
6 were
deemed high
quality.

would reduce
adverse
events by
50%.

recognition
of and
intervention
for
respiratory
depression,
which
improves
patient
safety.
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Langhan, M. L., Li, F.Y., & Lichtor, J. L.
(2017). The impact
of capnography
monitoring among
children and
adolescents in the
postanesthesia care
unit: a randomized
controlled trial.
Paediatric
Anaesthesia, 27(4),
385–393.
doi:10.1111/pan.13
077

The purpose
of the study
was to
determine if
capnography
increased the
frequency of
intervention
in response
to recognized
respiratory
depression
and
decreased the
number of
adverse
respiratory
events for
pediatric
patients in
PACU
compared to
the use of
pulse
oximetry
alone.
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n=201
Control
group = 98
Intervention
group = 103
Average age
= 10 years
old

Participants
between the
age of 1 and
20 having
elective
surgery
under
general
anesthesia
being
recovered in
the pediatric
PACU were
recruited and
consent
obtained. A
random
number table
was used for
participant
selection for
consent. The
following
were
excluded:
emergent
cases,
intolerance
of nasal
cannula
related to
behavior or
location of

Pediatric
patients in
the
intervention
group
experienced
lower rates
of apnea and
hypoventilati
on; however,
there was no
statistical
difference
between
groups for
the rates of
desaturation
measured by
pulse
oximetry.
This supports
evidence that
hypoventilati
on measured
by
capnography
is more
sensitive
than
desaturation
measured by
pulse
oximetry.

Randomized
Controlled
Trial
Level 2

Given that
capnography
was not
routinely
monitored in
the pediatric
PACU
research
setting,
adding this
intervention
may have
heightened
staff
awareness
and vigilance
with
respiratory
monitoring.
Most patients
excluded for
intolerance
of
capnography
monitoring
were
younger, less
cooperative
patients.
This
increased the
average age
of the

Yes, this
evidence
supports
practice
change. The
authors
stated that
capnography
monitoring
decreased
adverse
respiratory
events in the
OR by 50%.
The effect
anesthesia
linger
beyond the
OR and
children are
at a higher
risk for
adverse
respiratory
events.
Additionally,
29% of the
sample in the
study
demonstrated
apnea. This
study
provides
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surgery, and
abnormal
pulse
oximetry
baselines.
Capnography
cannulas
were sent to
the OR with
the patient.
Randomizati
on to control
and
intervention
group
occurred on
arrival to
PACU using
sealed
envelopes
randomized
by a
statistician
uninvolved
in sample
recruitment.
Healthcare
personnel
were not
allowed to
view the
capnography
monitor for

sample.

evidence that
capnography
is more
sensitive
than pulse
oximetry,
which led to
quicker and
more
effective
interventions
to address
respiratory
depression.
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Coates, B. M., Chaize,
R., Goodman, D.
M., & Rozenfeld,
R. A. (2014).
Performance of
capnometry in nonintubated infants in
the pediatric
intensive care unit.
BioMed Central,
14(1), 163-169.
doi:10.1186/14712431-14-163

those in the
control
group.
This purpose n=43
A sidestream
of this study
cannula was
was to
Sidestream
placed and a
evaluate the
readings =
capnography
accuracy of
43
reading was
sidestream
recorded
carbon
Transcutaneo when two
dioxide
us carbon
minutes of
measurement dioxide
consistent
s in noncomparison
reading was
intubated,
group = 29
observed. At
critically ill
the time the
children age Arterial
sidestream
one year or
carbon
reading was
less.
dioxide
recorded, a
comparison
transcutaneo
group = 14
us carbon
dioxide
reading was
recorded. If
the patient
had an
arterial line,
a carbon
dioxide
reading was
obtained
from a
sample of
arterial blood

56

The
correlation
between the
sidestream
reading and
the arterial
carbon
dioxide was
high at r2
0.907.
Agreement
between the
sidestream
reading and
the
transcutaneo
us reading
was lower at
r2 0.649.
Additionally,
the study
found that
neither the
infant’s
weight nor
respiratory
rate impacted
performance
of sidestream
capnography.

Single
Descriptive
Study
Level 6

Convenience
sampling
was used.
The sample
size was also
small.

This
evidence
supports
practice
change. This
study
provided
evidence of
effectiveness
of
capnography
as an
assessment
of ventilation
for pediatric
patients one
year old and
under. This
population is
among the
most
vulnerable
after
anesthesia,
and evidence
of the
accuracy of
capnography
in this
population
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drawn at the
time the
sidestream
reading was
recorded.

Iyer, N. S., Koziel, J.
R., & Langhan, M.
L. (2015). A
qualitative
evaluation of
capnography use in
paediatric sedation:
Perceptions,
practice and
barriers. Journal of
Clinical Nursing,
24(15-16), 22312238.

The purpose
was to
evaluate
perceptions
of and
barriers to
capnography
use for
sedated
pediatric
patients.

n = 17
MD = 5
Nurse = 12

This study
took place in
a large level
1 trauma
center. A
randomized
controlled
trial (RCT)
examining
capnography
had been
previously
conducted at

The study
concluded
that
sidestream
monitoring
of carbon
dioxide
provided an
accurate
estimation of
arterial
carbon
dioxide
levels and
should be
used when
continuous
assessment
of ventilation
is needed.
The study
Qualitative
identified
Study
four themes.
Personal
Level 6
experience
was one
theme.
Knowledge
of the
function of
capnography
was another
theme. Use

increases
confidence in
its use. This
information
will be
helpful when
educating the
nurses and
will assist
with
increasing
the
commitment
of staff to
use
capnography.

The study
findings
were based
on the
experiences
of
participants
who had
limited
exposure to
the use of
capnography
during a

This
evidence
does support
practice
change. This
study
provides
important
insight into
the need for
ongoing
education
and
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this site, and
only
participants
involved in
the previous
study were
considered
for
participation
in this study.
This study
took place
three months
after the
RCT. A
four-person
multidiscipli
nary team
with
qualitative
research
experience
conducted
the study.
One-on-one
20-minute
interviews by
one
researcher
were
conducted,
and
grounded

of
capnography
in other
patient
populations
was another
theme.
Difficulty
with
capnography
use was the
final theme
identified. In
regard to
personal
experience,
clinicians
reported
sedation as
safe with
rare adverse
events and
saw
capnography
as
unnecessary
until they
were
required to
use it, which
increased the
value they
had for

RCT. These
experiences
may be
different
with
participants
with more
experience
and frequent
use of
capnography.

remediation
of education
during
capnography
implementati
on. It also
sheds light
on the fact
that
sustaining
use of
capnography
requires
ongoing
efforts
beyond a
pilot study.
The
researcher’s
pondered if
capnography
use would
have been
better
sustained if it
were
introduced as
change in
practice and
not has part
of a
temporary
RCT. This

PEDIATRIC CAPNOGRAPHY

59
theory was
used to
identify
themes.
Interviews
were audiorecorded and
transcribed.
Data were
manually
reviewed and
entered into
a software
used for
qualitative
analysis.

capnography.
Regarding
knowledge
about the
function of
capnography,
not all
participants
had a solid
understandin
g of
capnography
despite being
systematicall
y educated
for the RCT
conducted
three months
earlier.
Although
participants
had not
retained
previous
education
regarding
capnography
function,
using
capnography
during the
RCT
increased

provides
helpful
information
when
implementin
g
capnography
for this
project.
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Langhan, M. L., Kurtz,
J. C., Schaeffer, P.,
Asnes, A. G., &
Riera, A. (2014).
Experiences with
capnography in
acute care settings:
A mixed-methods
analysis of clinical
staff. Journal of
Critical Care,
29(6), 1035-1040.
doi:10.1016/j.jcre.2
014.06.021

The purpose
was to
identify
barriers to
and
facilitators
for
capnography
use in acute
care settings.
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n = 19
MD = 10
RN = 9
ED = 9
ICU = 10
Average
years of
experience =
9.5

Clinicians
were
recruited by
purposeful
sampling
from five
different
hospitals.
Three of the
five sites
were
children’s
hospitals. A
five-person
interdisciplin
ary research
team was
formed. Four
of the five

their belief
that it would
be beneficial
in other
patient
populations.
Immediate
availability
of the
equipment
was found to
be a reported
barrier to
use.
The study
found that
doctors and
nurses from
the same unit
shared
similar
perceptions
about
capnography
use. Three
of the nine
units
reported rare
or no
capnography
use, and the
others
reported

MixedMethods
Study
Level 6

The results
cannot be
generalized
because the
themes are
directly
related to
those
interviewed
and their
unique
experiences.
The sample
size was
small, but the
researchers
did achieve
the saturation
of themes

This
evidence
does support
practice
change. This
study
provides
valuable
information
to consider
when
planning
implementati
on of this
evidencebase practice
initiative.
This study
specifically
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members of
the team had
experience
with
qualitative
research
methods and
interviewing.
The
researchers
attempted to
recruit one
nurse and
one doctor
from the ED
and the ICU
from each
site. One
unit refused
to
participate,
which made
the sample
19 instead of
the desired
20. One
researcher
interviewed
participants
individually.
The
interviews
lasted 30

some
capnography
use. No
statistically
significance
difference in
responses
related to
type of unit,
age of
participant,
or years of
experience
was found.
Six themes
regarding
capnography
were found.
Inconsistenc
y of use was
one theme.
Timely
access to
equipment
was another
theme.
Different
interpretation
s of evidence
for
capnography
were another
theme.

they needed.

explored the
challenges of
capnography
use and
provided
information
to facilitate
uptake of the
new
technology.
Making the
equipment
readily
available,
ensuring
staff is aware
of positive
outcomes
associated
with
capnography,
and planning
education
purposely
prior to
implementati
on will help
to support
use of
capnography.
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minutes,
were audio
recorded and
transcribed.
Grounded
theory was
used to
analyze the
data.
Software for
qualitative
analysis was
used.
Cohen’s
Kappa was
used to
evaluate
provider
agreement
according to
unit.
Fisher’s
exact test
and
Student’s Ttest was used
for
demographic
data and to
evaluate
difference
between use
of

Different
beliefs about
the benefit of
capnography
were another
theme.
Previous
negative
experience
with
capnography
was another
theme. Lack
of
capnography
training was
the last
theme
identified.
Environment
al,
experiential,
and
knowledge
translational
approaches
were
recommende
d to support
implementati
on. To
overcome
environment
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capnography. al barriers,
equipment
must be
readily
accessible,
preferably in
all acute care
patient
rooms. To
address
experiential
barriers,
share
information
where
capnography
made a
difference
and recruit
staff
champions to
encourage
use. To
overcome
barriers
related to
knowledge
translation,
plan
education
carefully
prior to
implementati
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on of
capnography.

Langhan, M. L., Li, F.
–Y., & Lichtor, J.
L. (2016).
Respiratory
depression detected
by capnography
among children in
the photometers
care unit: a crosssectional
study. Pediatric
Anesthesia, 26(10),
1010–1017.
doi:10.1111/pan.12
965

The purpose
of the study
was to
describe how
often
hypoventilati
on and apnea
was detected
by
capnography
in a pediatric
PACU. A
secondary
focus was to
capture the
frequency of
oxygen
desaturations
using pulse
oximetry and
record the
associated
staff
interventions
.

n = 194

The study
site was a
Average age 12-bed
=9
PACU that
Male = 53% care for
approximatel
White = 55% y 25 patients
per day, and
Hispanic =
two hours is
26%
the typically
length of
ASA I or II = stay. A
74%
convenience
sample was
used, but the
patients
chosen to
approach for
consent was
randomized.
Patient was
fitted for
appropriate
sized
capnography
equipped
cannula, and
the cannula
was sent
with the

The study
found that
capnography
measurement
s indicated
the presence
of
hypoventilati
on or apnea
in 56% of the
participants;
however,
pulse
oximetry
measurement
s
demonstrated
oxygen
desaturation
in 19% of
participants.
Respiratoryrelated staff
interventions
occurred in
9% of the
participants.

Prospective
Crosssectional
Study
Level 6

The
researchers
defined
hypoventilati
on according
to parameters
normally
used for
moderate
sedation, but
the patients
in this study
had general
anesthesia,
which may
account for
the low staff
intervention
levels. The
number of
very young
children
under two
was limited,
and this is
the e most
vulnerable
population.

This
evidence
does support
practice
change. The
proposed
project site is
a 15 bed
pediatric
PACU that
cares for
approximatel
y 30 cases
per day,
which is
nearly
identical to
this study’s
setting. This
study
provided a
clear
indication
that
capnography
captures
evidence of
respiratory
depression
more often
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patient to the
OR. Upon
arrival to
PACU,
capnography
was initiated.
Nurses
caring for the
patient were
not permitted
to see the
capnography
reading, and
alarms were
silenced.
Staff
provided
routine care.
A researcher
was at the
bedside and
recorded
study
measures
every 30
seconds until
monitors
were
removed.
Vital sign
readings,
including
capnography,

and faster
than pulse
oximetry.
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American Society of
Anesthesiologists.
(2014). Standards
for postanesthesia
care [PDF
document].
Retrieved from
https://www.asahq.
org/standards-andguidelines/standard
s-forpostanesthesia-care

The purpose
of this
document is
to define the
professional
practice
standard for
post
anesthesia
care from the
anesthesia
provider’s
perspective.
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Not
Applicable

were
recorded,
and the
researcher
documented
all
respiratoryrelated staff
interventions
.
The standard
was
developed by
professional
consensus of
members of
the American
Society of
Anesthesiolo
gists and
approved by
the
Committee
on Standards
and Practice
Parameters
(CSPP).

Five
standards
were defined
for
postanesthesi
a care for
patients of
all ages
receiving
anesthesia.
The fourth
defined
standard
stated that
patients
should be
continuously
monitored in
PACU with
specific
emphasis on
monitoring
in several

Professional
Practice
Standard
Document
Level 7

The method
by which
emphasized
areas should
be monitored
was not
specifically
stated. The
standard
indicated that
an
appropriate
quantitative
method
should be
used.

This
evidence
supports
practice
change. The
proposed
project site
uses pulse
oximetry, but
this is not a
quantifiable
measure of
ventilation.
No
quantifiable
measure of
ventilation is
used.
Capnography
provides a
quantifiable
measure of
ventilation.
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American Society of
PeriAnesthesia
Nurses. (2016).
2017-2018
perianesthesia
nursing standards,
practice
recommendations
and interpretative
statements. Cherry
Hill, NJ: American
Society of
PeriAnesthesia
Nurses.

The purpose Not
of this
Applicable
document is
to define the
professional
practice
standards,
recommenda
tions and
interpretative
statements
for
perianesthesi
a care from
the
perianesthesi
a nurse’s
perspective.
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areas.
Ventilation
was included
as an
emphasized
area in which
continuous
monitoring
must occur.
This
Practice
document
recommenda
was
tion two
developed
indicated that
with the
capnography
consensus of should be
Clinical
monitored if
practice
was
experts from available, but
the American it was not
Society of
listed as a
PeriAnesthes requirement.
ia Nurses.
This
document is
reviewed,
updated, and
approved
every other
year.

Professional
Practice
Standard
Document
Level 7

The practice
recommenda
tion specified
that
respiratory
status should
be
monitored,
but specific
aspects of
respiratory
status, such
as ventilation
and
oxygenation,
were not
included.

This
evidence
supports
practice
change. All
15 PACU
rooms at the
proposed
project site
are equipped
to monitor
capnography.
This practice
recommenda
tion
indicated that
capnography
should be
monitored if
it is
available.
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Appendix B
Iowa Model

*Used/reprinted with permission from the University of Iowa Hospitals and Clinics, copyright
2015. For permission to use or reproduce, please contact the University of Iowa Hospitals and
Clinics at 319-384-9098.
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Appendix C
Collaborative Institution Training Initiative (CITI) Certificate
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Appendix D

Letter of Support – Nursing Leadership
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Appendix E

Letter of Support – Perioperative Medical Director
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Appendix F

Institutional Review Board Approval – Liberty University

April 25, 2019
Deborah Whitley
IRB Application 3771: Significance of Capnography in Pediatric Post Anesthesia Care
Dear Deborah Whitley,
The Liberty University Institutional Review Board has reviewed your application in accordance
with the Office for Human Research Protections (OHRP) and Food and Drug Administration
(FDA) regulations and finds your study does not classify as human subjects research. This means
you may begin your research with the data safeguarding methods mentioned in your IRB
application.
Your study does not classify as human subjects research because evidence-based practice
projects are considered quality improvement activities, which are not considered “research”
according to 45 CFR 46.102(d).
Please note that this decision only applies to your current research application, and any changes
to your protocol must be reported to the Liberty IRB for verification of continued non-human
subjects research status. You may report these changes by submitting a new application to the
IRB and referencing the above IRB Application number.
If you have any questions about this determination or need assistance in identifying whether
possible changes to your protocol would change your application’s status, please email us at
irb@liberty.edu.
Sincerely,

Administrative Chair of Institutional Research
Research Ethics Office

Liberty University | Training Champions for Christ since 1971
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Appendix G

Institutional Review Board Approval – Project Site
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Appendix H
Recruitment Email
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Appendix I
Participant Consent Form

PEDIATRIC CAPNOGRAPHY

Confidentiality: The records of this study will be kept private. In any sort of report I might
publish, I will not include any information that will make it possible to identify a participant.
Project records will be stored securely, and only the investigator will have access to the records. I
may share the data I collect from you for use in future research studies and projects or with other
researchers and investigators; if I share the data that I collect about you, I will remove any
information that could identify you, if applicable, before I share the data.
· Participants will be assigned a code. Only the participant’s code will appear on the data
collection tool.
· A master list of the assigned codes will be secured in a password protected electronic file
known only to me. This master list will be kept separate from the data collected. Paper
consents and data collection tools will be secured in a locked drawer in my office and
will only be accessible by the investigator. Data may be used in future presentations. In
accordance with Federal regulations, all electronic records will be deleted after three
years. After three years, all paper documents will be disposed of in a locked bin for
confidential paper waste.
Voluntary Nature of the Project: Participation in this project is voluntary. Your decision
whether or not to participate will not affect your current or future relations with Liberty
University or Atrium Health. If you decide to participate, you are free to withdraw at any time
without affecting those relationships.
How to Withdraw from the Project: If you choose to withdraw from the project, please
contact the principle investigator at the email address/phone number included in the next
paragraph. Should you choose to withdraw, data collected from you, will be destroyed
immediately and will not be included in this project.
Contacts and Questions: The principle investigator conducting this project is Deborah Renee
Whitley. You may ask any questions you have now. If you have questions later, you are
encouraged to contact her at dwhitley@liberty.edu. You may also contact the principle
investigator’s faculty chair, Dorothy Murphy, at dlmurphy1@liberty.edu.
If you have any questions or concerns regarding this project and would like to talk to someone
other than the principle investigator, you are encouraged to contact the Institutional Review
Board, 1971 University Blvd., Green Hall Ste. 2845, Lynchburg, VA 24515 or email at
irb@liberty.edu.
Please notify the investigator if you would like a copy of this information for your records.
Statement of Consent: I have read and understood the above information. I have asked
questions and have received answers. I consent to participate in the project.

________________________________________________________________________ ______
Signature of Participant
Date
______________________________________________________________________________
Signature of Investigator
Date
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Appendix J
Master List of Assigned Codes
Master List of Assigned Codes

Code Assigned Last Name
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

First Name

Training Complete Competency Verified Consent Signed Degree Earned Certification Years Experience
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Appendix K

Human Resource Notification and Management Affirmation of Participant Protection
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Appendix L

General Consent for Treatment Form
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Appendix M
Privacy Practices
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Appendix N

Baseline Data Collection Form

Nurse Code: _______

Baseline Data Collection Form

Pilot Study Day:____ Age:_____ ASA:___ Anesthesia Start Time: ______ Stop time:_______
Circle: NORA or OR
Nursing Intervention
Time Time
Oral airway removed
Head position adjusted
Jaw thrust/chin lift
Oral airway placed
Oxygen Up é
Oxygen Down ê
Oxygen Off
Verbal Stimulation
Tactile Stimulation
Event
Time Time
Pulse oximetry <92%
(Phase I)
Pulse oximetry <94%
(Phase II)
Call to Anesthesia
Required bagging
Bradycardia
Intubation
Code

Circle: LMA/OETT/Shared Airway or General Mask/MAC
Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Phase I time in:______ Phase I time out:______ Phase II time in:_____ Phase II time out:______
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Appendix O

Capnography Data Collection Form

Nurse Code: _____

Capnography Data Collection Form

Pilot Study Day:____ Age:_____ ASA:___ Anesthesia Start Time: ______ Stop time:_______
Circle: NORA or OR
Nursing Intervention
Time Time
Oral airway removed
Head position adjusted
Jaw thrust/chin lift
Oral airway placed
Oxygen Up é
Oxygen Down ê
Oxygen Off
Verbal Stimulation
Tactile Stimulation
Event
Time Time
Pulse oximetry <92%
(Phase I)
Pulse oximetry <94%
(Phase II)
End Tidal CO2 <30
End Tidal CO2 >50
Call to Anesthesia
Required bagging
Bradycardia
Intubation
Code

Circle: LMA/OETT/Shared Airway or General Mask/MAC
Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Time

Phase I time in:_____ Phase I time out:______ Phase II time in:______ Phase II time out:______

Capnography began:______ Capnography discontinued:_______
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Appendix P
Capnography Resource Guide

Note: Langhan, Li, & Lichtor, 2017
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Appendix Q
Measurable Outcome Analysis

Table Q1
Comparisons of Means for Nursing Interventions

Table Q2
Comparison of Means for Serious Adverse Events

Table Q3
Comparison of Means for Serious Adverse Event Related to EtCO2 > 50 mmHg

Table Q4
Comparison of Means for Explanatory Group Variables

